Abstract Parent's insurance coverage is associated with children's insurance status, but little is known about whether a parent's coverage continuity affects a child's coverage. This study assesses the association between an adult's insurance continuity and the coverage status of their children. We used data from a subgroup of participants in the Oregon Health Care Survey, a three-wave, 30-month prospective cohort study (n = 559). We examined the relationship between the length of time an adult had health insurance coverage and whether or not all children in the same household were insured at the end of the study. We used a series of univariate and multivariate logistic regression models to identify significant associations and the rho correlation coefficient to assess collinearity. A dose response relationship was observed between continuity of adult coverage and the odds that all children in the household were insured. Among adults with continuous coverage, 91.4% reported that all children were insured at the end of the study period, compared to 83.7% of adults insured for 19-27 months, 74.3% of adults insured for 10-18 months, and 70.8% of adults insured for fewer than 9 months. This stepwise pattern persisted in logistic regression models: adults with the fewest months of coverage, as compared to those continuously insured, reported the highest odds of having uninsured children (adjusted odds ratio 7.26, 95% confidence interval 2.75, 19.17). Parental health insurance continuity is integral to maintaining children's insurance coverage. Policies to promote continuous coverage for adults will indirectly benefit children.
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Keywords Health insurance coverage Á Child health Á Health disparities Á Access to care Á Health services research Background Uninsured children in the United States have higher odds of having an unmet medical need compared to children with insurance [1, 2] . Recent policy and reform efforts have focused on expanding health insurance coverage for children. Yet, despite efforts to provide health insurance to more children, many children who qualify for public health insurance remain uninsured [3] . One study estimated that almost 11% of children in Oregon presumed eligible for public health insurance were uninsured [3] . Further, the ability of a child to obtain and maintain health insurance coverage is influenced by the relationship between parental and child health insurance status [4] . Maternal health insurance coverage is associated with a decreased likelihood of children losing coverage [5] . In Massachusetts, children experienced a 14% increase in public health insurance coverage prevalence after the State expanded coverage to parents [6] . In Oregon, children with uninsured parents are more likely to be uninsured than children with insured parents [7] . Insuring both parents and children is M. Yamauchialso associated with children having continuous coverage and regular physician visits. [2, 8] In addition to health insurance status, other parental characteristics, such as race and ethnicity, primary language, and income level, have been found to be associated with whether or not a child is insured [1, [9] [10] [11] [12] [13] [14] [15] [16] .
Previous research has confirmed associations between parents' health insurance status, household characteristics, and the insurance status of their children. However, less is known about the relationship between continuity of adult coverage and children's health insurance status. Thus, we sought to assess the specific association between the continuity of an adult's health insurance coverage over time and the coverage status of children in the same household, among a low-income population in Oregon.
Methods

Data Source
We conducted secondary analyses of data from the Oregon Health Care Survey (OHCS), a three-wave, 30-month prospective panel study conducted between 2003 and 2006 to assess policy changes that affected adults enrolled in the Oregon Health Plan (OHP), Oregon's public health insurance program [17] . The OHCS study selected a panel of OHP adults to be included in a prospective cohort study, shortly after policy changes were implemented to increase cost sharing and reduce benefits for adult OHP enrollees. Specifically, a stratified random sample of potential participants was selected from OHP Medicaid eligibility files. The sample included 10,600 adults aged 19-64 years that qualified for OHP at least 30 days before February 15, 2003 , when administrative and cost-sharing changes were put into effect for OHP Standard. African American, Native American and Spanish-speaking populations were over-sampled to ensure adequate representation, with 500 people randomly selected from each of these racial and ethnic groups. Of the original 10,600 people selected, 8,260 were found to be eligible [18] .
Surveys were mailed to the panel at 6, 18, and 30 months after policy changes were implemented. If a response was not received within 4 months, two additional surveys were mailed at one-month intervals. Between each survey mailing, reminder postcards were sent and telephone reminder calls were made. Surveys were conducted in both English and Spanish. Spanish language surveys were translated and then independently back translated. Several widely accepted data collection tools were used to devise the OHCS, which assessed respondents' health insurance continuity, access to health care, health care utilization, and financial and health outcomes [19, 20] . Cognitive testing of the survey instrument was conducted with a pilot sample of OHP members to ensure validity of the instrument. The panel study had a recruitment rate of 34% (n = 2783), and subsequently a 66% (n = 1837) response rate (56% of the panel recruited responded to all three surveys). Additional information including results of the original survey can be found elsewhere. [4, 17, 18, 21, 22] .
For our secondary analysis of the OHCS data, we developed several additional criteria for inclusion. First, we included only those who provided information about the length of their own insurance coverage, and lastly, we included only those who reported whether all children (under 19 years) in the same household had health insurance at the end of the study period (30 months after policy changes), for a final sample of 559 adults. To account for oversampling by race and ethnicity, base weights represented the probability of selection. Iterative post-stratification 'raking' was then used to adjust for each wave of data collection's nonresponse and differences between our study population as compared to the overall population, with information such as demographics, health care utilization and health status [17] . Composite survey weights were calculated in excel for each respondent in our study population (the base weight and nonresponse weight were multiplied together), and these precalculated weights were used in all analyses.
Variables and Analyses
Study Variables
The primary dependent variable was children's health insurance status at the end of the study period (30 months after baseline). The survey assessed coverage status for each child, which we collapsed into a dichotomous variable: (1) all children (under 19 years) insured or (2) at least one child (under 19 years) not insured. The primary independent variable was the total length of parents' health insurance coverage during the study period, collapsed into four categories: 0-9, 10-18, 19-27 or 28-30 months. Because coverage was measured in 3-month intervals, the insurance length interval of 28-30 months was considered to be continuous health insurance coverage. All adults that responded to the survey were insured by the OHP at the beginning of the study period, so any coverage gap reflected a disenrollment from OHP at some point during the study period.
We selected all available independent variables that might potentially influence the dependent variable of interest (whether or not all children in the household were covered at the end of the study period). These covariates included information reported by the adult responding to the survey, including: (1) age at study start, (2) race/ethnicity, (3) primary language, (4) household income, (5) employment stability, (6) educational attainment, (7) OHP member type at start of the survey, and whether or not the individual reported having (8) medical debt and (9) financial strain. Race/ethnicity was defined as White/non-White, and primary language was defined as English/non-English. Health related financial strain was coded 'yes' if the participant answered yes to a series of questions about financial problems they have encountered in the last 6 months because of health care expenses. OHP member type was determined by those who were categorically eligible for Medicaid based on federal guidelines (in the OHP ''Plus'' program) and those who were in the OHP expansion population of adults who did not meet federal guidelines for Medicaid (in the OHP ''Standard'' program). [34] c OHP Standard refers to a plan where cost containment policies were implemented, whereas cost containment was not implemented for OHP Plus d Health related financial strain was coded 'yes' if the participant answered yes to any of the following questions at any time during the three survey waves: In the last 6 months, have family and/or friends loaned or given you money so you could pay your medical bills?; In the last 6 months, have you cut back on your food budget to cover health care costs or pay medical bills?; In the last 6 months, have you skipped paying other bills, paid bills late, or paid less than the minimum payment to cover health care costs or pay medical bills?; In the last 6 months, has owing money for medical bills made it difficult to pay your rent or mortgage?; In the last 6 months, has owing money for medical bills forced you to move?; Or in the last 12 months, have you filed for bankruptcy because of your medical bills? e Medical debt was assessed from the survey question ''About how much do you currently owe to a doctor, clinic, or hospital for your own medical bills?'' Statistical Analysis
We first conducted a series of univariate analyses to compare characteristics of adult respondents as associated with different lengths of insurance coverage. We then determined univariate associations between the primary independent variable (adult coverage lengths) and our dependent variable. We used simple logistic regression models to assess significant univariate associations between all 8 independent covariables and the dependent variable of interest (p \ 0.05). We then assessed collinearity between covariables using the rho correlation coefficient. Although only length of adult coverage, race and primary language were significant (p \ 0.05), we moved forward with all variables in the model because they were all conceptually relevant. We then assessed for collinearity between variables. Income, education and employment were highly collinear, so we included only education in the final model. Medical debt and financial strain were also found to be collinear, so we included only medical debt in the final model. Thus, the following variables were included in the multivariate analysis: adult insurance coverage length (primary independent variable), age at study start, race/ethnicity, primary language, education, OHP member type, and medical debt. Using goodness-of-fit testing techniques, we determined that this final model fit well because there was not a significant difference between the observed and expected values [23] . All data were analyzed using STATA Version 10 (STATA Corporation). The study was approved by the Institutional Review Board at Oregon Health & Science University.
Results
There were differences with regard to OHP member type and length of coverage; among those with OHP Plus, 66.3% were continuously insured versus only 2.9% with only 0-9 months of coverage. In contrast, among those with OHP Standard, 37.8% reported continuous coverage versus 18.7% with 0-9 months of coverage. Among those who did not have any medical debt at 30 months, 60.2% were continuously insured, as compared to 18.7% with 19-27 months of coverage, 12.0% with 10-18 months of coverage, and only 9.2% with 0-9 months of coverage. Of note, only 38.6% of those with greater than $500 in medical debt reported continuous coverage (Table 1) .
We found a dose response relationship between insurance continuity among adults and the likelihood that their children were insured at the end of the study period, as shown in Table 2 . For example, among adults who were insured for 28-30 months, 91.4% reported that all children in the household were insured at 30 months, compared to 83.7% among adults insured for 19-27 months, 74.3% among adults insured for 10-18 months, and 70.8% among adults insured for fewer than 9 months.
This pattern was also clearly visualized in the unadjusted logistic regression models presented in Table 3 . Adults with less coverage continuity were more likely to report at least one uninsured child in the household at the end of the study. Those with the fewest months of coverage reported the highest odds of having uninsured children in the household (Odds ratio [OR] 4.41, 95% Confidence interval [CI] 2.04, 9.53). We also found relationships between adult race/ethnicity and language and children's coverage. Non-White adults had higher odds of having at least one uninsured child in the household at 30 months, as compared with White adults (OR 2.22, 95% CI 1.28, 3.86) and non-English speaking adults had higher odds than English speaking adults to report uninsured children (OR 4.72, 95% CI 2.24, 9.92).
When controlling for statistically and conceptually significant covariates in a multivariate model, as shown in Table 4 , the significant associations between adults with fewer months of health insurance coverage and higher odds of having uninsured children remained. Adults with the shortest insurance coverage continuity (0-9 months) had the highest odds of having at least one uninsured child in the household at the end of the study period (adjusted OR 7.26, 95% CI 2.75, 19.17). In addition to adult insurance continuity, there was a significant multivariate association between an adult in the household with a primary language other than English and having at least one uninsured child at 30 months (adjusted OR 4.12, 95% CI 1.38, 12.32).
Discussion
We found a significant association between parents' health insurance continuity and the odds of all children in the household being insured at the end of the study. Beyond [34] c OHP Standard refers to a plan where cost containment policies were implemented, whereas cost containment was not implemented for OHP Plus d Health related financial strain was coded 'yes' if the participant answered yes to any of the following questions at any time during the three survey waves: In the last 6 months, have family and/or friends loaned or given you money so you could pay your medical bills?; In the last 6 months, have you cut back on your food budget to cover health care costs or pay medical bills?; In the last 6 months, have you skipped paying other bills, paid bills late, or paid less than the minimum payment to cover health care costs or pay medical bills?; In the last 6 months, has owing money for medical bills made it difficult to pay your rent or mortgage?; In the last 6 months, has owing money for medical bills forced you to move?; Or in the last 12 months, have you filed for bankruptcy because of your medical bills? e Medical debt was assessed from the survey question ''About how much do you currently owe to a doctor, clinic, or hospital for your own medical bills? '' past studies which confirmed a significant association between parental and child health insurance coverage status [2, 6-8, 13, 24-26] , our analysis also suggests a dose response relationship between the continuity of an adult's health insurance coverage and the odds of all children in the household being insured. This new finding has significant policy relevance regarding the critical importance of insurance coverage continuity for adults as a way to increase uptake of public insurance by eligible low-income children in the United States. Previous research has shown that race and ethnicity are significantly associated with whether children have insurance [1, 9, 25] , and that Hispanic children are more likely to be uninsured compared to non-Hispanic children. [9, 27, 28] Additionally, Hispanic children have significantly higher odds of having parents with shorter lengths of insurance coverage [25] . Although our study did not specifically examine ethnicity, we did find a lower percentage of non-White adults with continuous coverage. Further, in multivariate analyses, non-White adults had significantly higher odds of having at least one child uninsured in household at the end of the study period. Non-English speakers also had higher odds of having at least one uninsured child, and language remained a significant covariate in the adjusted models. Speaking a language other than English has been shown in prior research to be a barrier to enrolling Medicaid-eligible children in public health insurance [29, 30] . Therefore, interventions to help non-English speakers and racial and ethnic minority groups obtain and maintain public health insurance may also help to increase the prevalence of insurance coverage among some of the nation's most vulnerable children.
Previously published analyses from the OHCS have shown that the 2003 Oregon Health Plan policy changes negatively impacted adult enrollment in the OHP [17, 21, 22] . Even though these policy changes did not affect children's public insurance eligibility or enrollment criteria, our study suggests that children's insurance coverage was impacted. One possible explanation is that low-income adults may not have distinguished between their own eligibility for public coverage and that of their children. Efforts to increase or expand children's insurance coverage may have greater impact if eligibility requirements were better communicated and understood. Additionally, if policies were to focus on ensuring continuous health insurance coverage for parents, or covering both parents and children simultaneously, the outcome will likely be better coverage for children.
Limitations
This study had several potential limitations. First, selection bias may have occurred with the study population. Previously published OHCS data studies, however, report participants who responded to the survey were demographically similar to those who did not participate [22] . Second, this study included Oregon residents; thus, our findings may not be applicable to health policy changes for children living in other regions [28] . Third, the survey was subject to potential recall bias because of the self-reported methodology. To minimize this bias, multiple questions were used to assess survey issues, the survey was validated, and extensive cognitive testing was used in the development of the survey [17, 19, 20] . Fourth, there was no baseline health insurance information for children in this study; health coverage information was only collected for children during the final survey (at 30 months). Therefore, the timing of when children attained and lost health insurance coverage was not known. A causal association, therefore, cannot be determined between child(ren) and an adult in the same household attaining or losing health insurance. There is also a possibility that other differences between the adult length of insurance coverage groups may have caused children to lack insurance at 30 months. Finally, several important child characteristics could not be studied including child's health, race, ethnicity, and age, which have been previously shown to have significant associations with child insurance status and health care access [31] [32] [33] .
Conclusions
This study showed that continuity of health insurance coverage for adults was significantly associated with the insurance status of children in the same household. Therefore, it is likely that policies which optimize parental insurance coverage continuity will result in higher rates of children's health insurance coverage.
